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@ A method for gluing using curable adhesWes with separate application of the adheshre components and a resin 
component for use In the method. 

@ The invention relates to a n>ethod for gluing using cur- 
able adhesives whereby resin component and hardener 
component are separately applied to the joint area, prefer- 
ably in the form of separate parallel strands. The method Is 
characteristic in that the resin component has a limited water 
ditutability and a water dllutability which Is below 3.0 parts of 
water per part of resin, suitably from 0.1 to 2.0 parts of water 
per part of resin and preferably from 0.5 to 1.5 parts of water 
per part of resin. The resin component is preferably a resor- 

^ cinol resin or a resorcinolphenol resin. 

^ The invention also relates to a resin component having 

^ such a limited water dilutability and which is suitable for use 

^ in the bonding method of the invention. 
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A method for gluing using curable adhesives with separate 
application of the adhesive components and a resin component 

for use in the method, 

The present invention relates to a method for bonding 
5. surfaces, preferably wood surfaces - and then particularly 
at the production of laminated wood, using curable adhe- 
sives, whereby a resin component and a hardener component 
are separately applied to the joint area. 

Separate application of resin and hardener means 

10. that these components will not be mixed or brought into 
contact with each other before they reach the joint area. 
This means that no mixing operation is required before 
the application, that the risk of pre-curing of an adhesive 
mix at storage, transport and in application equipment 

15- is eliminated and consequently that operation interruptions 
due to these factors can be avoided. Separate application 
also means that the pot-life or working life of the com- 
ponents in theory is unlimited and hereby requirements 
on cleaning of equipment after use are eliminated and the 

20. necessity to discard adhesive which has not been used is 
also eliminated. 

These advantages have been known for a long time 
and been made use of in several known bonding methods, 
particularly in highly industrialized gluing processes, 

25- such as lamination processes, see German patent No- 
2416032-1 . However, despite these advantages the separate 
application technique also poses several problems, part- 
icularly at the gluing of wood material. 

The mixing of the components is thus a special problem 

30- in connection with separate application as the mixing must 
occur on the treated surface and only by the aid of the 
assembling of the parts, optional application of pressure 
and the diffusion of the components in the adhesive layer. 
An uneven distribution of the adhesive components at the 

35. bonding of wood can cause unreacted liquid component from 
adhesive which has not been cured to be diss.olved and flow 
out from the glue joint when it rains and this will lead 
to dark stains on the wood surface, so-called bleeding 
from the joint. This will of course result in a considerable 
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irapairtnent in the appearance of the wood construction. 
Knot holes, damages from pLaning and other defects in the 
LaraelLae are other places where adhesive and hardener are 
not completely mixed, which can result in such bleedings. 
5. The object of the present invention is to solve the 

problems of bleeding from glue joints, glued for example 
with the in the production of laminated wood conventionally 
used formaldehyde based adhesives, preferably resorcinol- 
formaldehyde adhesives or resor cinol-phenolf orraa Idehyde 

10. adhesives, by using an adhesive wherein the resin component 
has a limited water di lutabi li ty . 

The water dilutability or water tolerance was measured 
in the following way: 10 g resin was tempered to 20**C and 
titrated with distilled water of 20°C until the resin was 

15. precipitated. 

The water dilutability for the mentioned resin com- 
ponents can be lowered by lowering the pH of the resin 
to below 7.5 and suitably to a pH of 7. However, the resin 
will hereby get a low reactivity and this is less desirable 

20. in certain fields of use. 

Improved results are achieved if the resin condens- 
ation, by means of a suitable selection of catalyst and 
other reaction conditions, is carried out in such a manner 
that a high content of methylene bridges and few free meth- 

25- ylol groups are obtained. This resin has a low water di- 
lutability, a high pH value and also high reactivity. 

The present invention thus relates to a method for 
gluing with curable adhesives whereby a resin component 
and a hardener component are separately applied to the 

30. joint area, which method is characteristic in that the 
resin component has a limited water dilutability and has 
a water dilutability of less that 3.0 parts by weight of 
water per ,1 part by weight of resin, and suitably of from 
0.1 to 2.0 parts of water per part of resin- 

35. According to a preferred embodiment of the invention 

resin components having a water dilutability of from 0.5 
to 1.5 parts of water per part of resin are used. If the 
resin component has a water dilutability of less than 0-1 
there can be difficulties in the cleaning of containers 
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and applicators for the resin component. For the in the 
technique conventionaLLy used adhesives the uater diluta- 
biLity of the resin component is usually greater than 6.0 
parts of water per part of resin. 

In the following examples. Example 1 to 3 relate 
to the preparation of two adhesive components suitable 
for use in the process of the invention and to a resin 
component according to prior art as a comparison. 

Example 4 and 5 are delaraination tests for two series 
of laminated wood products, one that has been glued with 
an adhesive containing resin components of low water di- 
lutability according to the invention and one that has 
been bonded according to conventional technique. These 
tests show that the bond strength of products glued accord- 
ing to the invention is not changed in comparison with 
products produced according to conventional technique. 

Example 6 shows bleeding tests with three different 
laminated wood products, two which have been glued according 
to the invention and one which has been glued in the con- 
ventional manner. Superior results were obtained with the 
method of the invention as evident from the results shown 
in the table. 

In all examples pH and viscosity have been measured 
at 25**C. An electric pH-meter was used for pH measurements. 
The viscosity was measured with a H5ppler vi scosi meter . 
The condensations were carried out in a 1500 ml glass flask 
equipped with a heating jacket, a reflux cooler, a thermo- 
meter and an opening for taking samples. 
Example 1 

Preparation of a resin component wit h low water di- 
lutabi I i ty . 

250 g of phenol, 110 g of formalin (40%), 3.2 g of 
sodium hydroxide C45%) and 44 g of water were charged to 
a glass flask. The pH was measured to 8.2 and the batch 
was then heated to boiling. The condensation was followed 
at the boiling temperature by measuring the temperature 
at which resin was precipitated at cooling of a resin samp- 
le- The boiling was continued until a resin sample pre- 
cipitated at cooling to +75'»C, and the resin was then cooled 
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to 80**C. 223 g of resorcinoL were charged and the tempera- 
ture kept at 68"C for 15 minutes- 30 g of ethanol, 100 
g of water, 90 g of formalin and 37 g of filler were then 
added. The batch was then kept at 60*C for 45 minutes, 
5. whereafter 15 g of sodium hydroxide (45%) were added. The 
pH was measured to 7.7. The batch was then heated to boiling 
and at boiling under reflux condensed to a viscosity of 
1000 mPas. The batch was then rapidly cooled. At 40**C 25 
g of diethyleneglycol and 22 g of sodium hydroxide (45%) 

10- were added. After cooling to 25*»C the resin was made thixo- 
tropic by admixing of 7.5 g of Aerosil 20oM3y means of 
a dissolver agitator. 

Analysis of the resin 24 hours after production gave 
the following results: 

15. pH = 8.1 

dry substance content = 59% 

water dilutability = 1 + 0.6 (= 1 part of resin is pre- 
cipitated by 0.6 parts of water) 

gelling time at 50**C = resin 100 g 6 minutes 14 se- 

20- 37% formalin 26 g J conds 

Example 2 

Preparation of a resin component with low water di- 
lutabi li ty- 

317 g of phenol, 148 g of formalin (40%), 4.1 g of 
25. sodium hydroxide (45%) and 50 g of water were charged to 
a glass flask. pH was measured to 8.2 and the batch was 
then heated to boiling. Condensation was' carried out in 
accordance with Example 1 until resin precipitation occurred 
upon cooling a resin sample to 60°C. The batch was then 
30- cooled to SO^'C, 250 g of resorcinol were added and the 
temperature kept at 68**C for 15 minutes. 50 g of ethanol, 
115 g of water, 100 g of formalin (40%) and 40 g of extender 
were then added. The batch was kept at 60**C for 45 minutes 
arid then 24 g of sodium hydroxide (45%) were charged- pH 
35- was measured to 7.7 and the batch was then heated to boil- 
ing. The batch was condensed at boiling temperature to 
a viscosity of 750 mPas and was then rapidly cooled. At 
40**C 20 g of diethylene glycol and 18 g of sodium hydroxide 
(45%) were charged. 
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After cooLing to 25*»C the resin was made thixotropic 
by admixing 10.5 g of Aerosil 200 by means of a dissolver 
ag1 tator. 

Analysis of the resin 24 hours after production gave 
5. the following results: 
pH = 7.7 

dry substance content = 59% 

water dilutability = 1.4 (= 1 part of resin is precipitated 
by 1-4 parts of water) 
10. gelling time at 50*»C = resin 100 g -^ 7 minutes 57 se- 

37% formalin 25 g J conds 

Example 3 



15. sodium hydroxide (45%) and 50 g of water were charged to 
a glass flask. pH was measured to 8.1 and the batch was 
then heated to boiling. The condensation was followed at 
the boiling temperature as in Examples 1 and 2 until resin 
pr.ecipi tated at +5°C, and the batch was then cooled to 

20. 80°C. 300 g of resorcinol were added and the temperature 
kept at 68**C for 15 minutes, whereafter 60 g of ethanol, 
105 g of water, 40 g of extender and 130 g of formalin 
(40%) were added. The batch was then kept at 60**C for 90 
minutes and 38 g of sodium hydroxide (45%) were then added. 

25. pH was measured to 8.1 and the batch was then carefully 
heated to boiling. The condensation was, followed by . mea- 
suring the viscosity. At a viscosity of 770 mPas the batch 
was rapidly cooled. At 40**C 30 g of diethylene glycol and 
10 g of sodium hydroxide were added. After cooling to 25**C 

30. the resin was made thixotropic by admixing 12 g of Aerosil 
200 by means of a dissolver agitator. 

Analysis of the resin 24 hours after production gave 
the following results: 
pH = 8.2 

35- dry substance content = 60% 

water dilutability = 1 + 8 (= 1 part of resin is precipi- 
tated by 8 parts of water) 

gelling time at 50*'C = resin 100 g 1 ^ minutes 20 se- 



Preparation of a conventional resin c omoonent- 

317 g of phenol, 145 g of formalin (40%), 4.1 g of 
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JxampLe 4 

Bonding and delaraination. 

A hardener slurry was first prepared by thoroughly 
mixing 100 parts by weight of an aceton-f ormaLdehyde resin 
5. with 57 parts by weight of paraformaldehyde. 

The resin from Example 3 was emptied into one part 
of a separate ribbon applicator and the above hardener 
slurry into the other part. 

The number of revolutions of the pumps of the app- 
10. Licator was adjusted to give a dosage of 100 parts by weight 
of resin through the nozzle per minute and at the same 
time a dosage of 26 g of hardener slurry per minute* The 
speed of the line carrying the lamellae was adjusted to 
give a dosage of 400 g/m^ of resin and hardener slurry. 
15- The resin and the hardener was spread in separate strands 
which did not get into contact with each other before the 
assemblying of the lamellae. 

Beams of laminated wood were then produced under 
the following conditions 
20- Adhesive spread = 400 g/m^ 
Wood = fir 125 x 45 ram 

Moisture content of the wood = 10-14% 

Closed assembly times from adhesive spread to pressing 
= 5-45 minutes 

25. Number of lamellae in the construction = 6 
Press temperature = 40°C for surrounding air 
Pressure = about 7.5 bar 
Press time = 18 hours 

10 such beams were produced and tested. After one 

30. week in a conditioning room, 20**C, 65X RH, the test speci- 
mens were investigated according to the standard ASTH D 
1101-59/1979. This standard means that the test specimens 
are first subjected to vacuum 0.5 atra (50 kPa) for 15 mi- 
nutes, then to 2 hours at 10 atra (IMPa) in cold water, 

35. and the procedure is then repeated. The specimens are then 
dried for 91.5 hours at 29**C with an air speed of 2,5 + 0.25 
m/sec and the whole cycle is repeated once more- The evalua- 
tion is carried out by measuring and calculating the de- 
lamination in the form of adhesive bond rupture and this 
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10. 



15 



means that the percentage of the adhesive bond which is 
ruptured is measured. According to the standard the de- 
lamination must be Less than 5X of the entire joint length 

for acceptance. 

In the table below the delamination results after 

2 cycles are shown. Each value is an average value from 
five glue joints. 

Table I X delamination 

Beam 1 0.4 

"2 3.0 

"3 1.8 

4 1.4 

"5 1.2 

"6 0.9 

"7 0.0 

8 0.6 

"9 1.7 



20. 



25, 



30. 



35 



10 



0.8 



Example 5 

Bonding and delamination. 

In exactly the same manner as in Example 4 10 beams 
were made usiag the adhesive described in Example 1. After 
two delamination cycles the following results were obtained. 
Each value is an average value from five glue joints. 

Table II 

X delamination 
Beam 1 1-9 

2 0.0 

3 2.0 

4 3.8 

5 3.9 

6 1.7 

7 2.9 

8 0.0 

9 0.4 
10 0.0 

As evident from tables I and II the corresponding 
bonding results we r e ' obt a i ned with the resin having limited 
water dilutability according to the invention as with a 
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conventional adhesive. 
Example 6 

Bleeding test 

To determine the degree of bleeding of the resins 
blocks with three joints were made in the following manner. 

The blocks were made with a length of 50 cm. At both 
outer ends^ 3 cm at each end and 3 cm at the centre of 
the blocks adhesive was spread with normal dosage of harden- 
er. On one half of the unglued block resin from Example 
3 was spread and on the other half resin from Example 1 
was spread, in both cases without hardener. The block was 
then pressed for 20 hours at room temperature and subse- 
quently conditioned at 20°C, 65% RH, for three days and 
nights. 

In exactly the same manner another block was made 
using resin from Example 1 and resin from Example 2. 

Between the cured outer and middle sections of the 
blocks the adhesive was thus dried but not cured. 

After conditioning of the blocks these were put on 
end and sprayed with water every half hour for eight hours. 
The blocks were thus strongly sprayed 16 times. 

When the blocks were inspected the following day 
the results shown below were noted: 

Block 1: Adhesive from Example 3 showed a very severe bleed- 
ing from the glue joints. 

Adhesive from Example 1 showed practically no 
bleeding. 

Block 2: Adhesive from Example 1 showed practically no 
b leedi ng - 

The joints with adhesive from Example 2 had bled 
to an insignificant extent, and not as severely 
as those with adhesive from Example 3. 



The results are summarized in the table below. 
Examp le 





Water dilutability 


Noted bleeding 


Parts of water for 
precipitation of 
1 part of resin 




1 


0.6 


No bleeding 


2 


1 .4 


Insignificant bleeding 
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I 3 t 8 I Very severe bleeding ( 

As evident from the table above the method of the 
invention results in a considerably Improved resistance 
to bleeding when bonded wood products are subjected to 
rain or moisture* 
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CLairos 

1. A method for bonding using curable water-based 
adhesives whereby resin component and hardener component 
are separately applied to the joint area, characterized 

5. in that the resin component has a limited water dilutability 
and a water dilutability which is below 3.0 parts of water 
per part of resin. 

2. A method according to claim 1, characterized in 
that the resin component has a water dilutability of from 

10. 0-1 to 2.0 parts of water per part of resin. 

3- A method according to claim 1 or 2, characterized 
in that the resin component has a water dilutability of 
from 0.5 to 1.5 parts of water per part of resin. 

4. A method according to any of the preceding claims, 
15. characterized in that the resin component is a resorcinol 
resin or a resor ci nol-phenol resin. 

5- A method according to any of the preceding claims, 
characterized in that the resin component and the hardener 
component are applied to the joint area in the form of 
20. separate parallell strands* 

6. A resin component, consisting of a resorcinol 
resin or a resor ci nol-phenol resin, suitable for bonding 
according to the method of claim 1, characterized in that 
it has a limited water dilutability and a water dilutability 

25. which is below 3.0 parts of water per part of resin. 

7. A resin component according to claim 6, charactei — 
i zed in that it has a water dilutability of from 0.1 to 
2.0 parts of water per part of resin. 



